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ABSTRACT 
The advantages o f  employing synchronous sat- 
e l l i t es  f o r  time dissemination a r e  well known, 
b o t h  i n  terms o f  coverage and cont inui ty  of 
se rv ice  over the  covered area.  Many synchronous 
telecommunications s a t e l l i t e s  car ry  onboard 
VHF transponders; these a r e  mainly used as 
ranging transponders during the launch phases 
and as beacons o r  telemetry backup t r ansmi t t e r s  
during the  s a t e l l i t e  operat ional  l i f e ,  i n  which 
the  ranging c a p a b i l i t i e s  of these  transponders 
are  seldom used. The a i m  o f  the  experiment de- 
sc r ibed  i n  t h i s  paper w a s  t o  t e s t  the  p o s s i b i l i -  
t y  of us ing  these VHF transponders, i n  t h e i r  
ranging configuration, as r epea te r s  t o  disse-  
minate time information over a wide area.  The 
experiment, proposed by the I s t i t u t o  Ele t t ro-  
tecnico Nazionale (Torino, I t a l y ) ,  w a s  performed 
during the  summer o f  1980, with the  cooperation 
o f  Telespazio S.p.A., and using the VHF t rans-  
ponder onboard the synchronous experimental 
telecommunications s a t e l l i t e  SIRIO-1 . 
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PURPOSE OF THE EXPERIMENT 
The a i m  o f  the experiment w a s  t o  evaluate the p o s s i b i l i t y  of 
disseminating a time code via the  SIRIO-1 s a t e l l i t e ,  by using 
the onboard VHF repea ter .  The prec is ion  i n  the synchroniza- 
t i o n  of remote clocks w a s  expected t o  be o f  the  order o f  0.1 
t o  1 m s .  
The main f ea tu res  of the  proposed experiment can be b r i e f l y  
summarized as f o l l o w s :  
1 )  the RF c a r r i e r  w a s  i n  the VHF band, s o  that l o w  cos t  re-  
ce ivers  could be used and then a broader c l a s s  of  u se r s  
could be served; 
2 )  an already e x i s t i n g  r epea te r ,  even i f  not designed specif-  
i c a l l y  f o r  communications could be u t i l i z e d ;  the operation 
o f  t h i s  r epea te r  w a s  not intended t o  a f f e c t  any other  func- 
t i o n  o f  the spacecraf t  ( b o t h  the SHF r epea te r  and the VHF 
telemetry l i n k  were ac t ive  during the time code dissemina- 
t i o n  via  the VHF transponder).  
Moreover, the r i s i n g  i n t e r e s t  about methods o f  time dissemi- 
nat ion us ing  s a t e l l i t e s  i s  fos te red .  The European Space Agency 
(ESA) i s  i n  the process of evaluat ing the  p o s s i b i l i t y  t o  in- 
s e r t  the same time code used by the  U.S. GOES s a t e l l i t e s  i n  
the  telemetry message t ransmit ted by Meteosat. I n  addi t ion ,  
the  dissemination o f  a narrow-band time code is  possible  a l s o  
using an MDD (Metereological Data Dissemination) channel o f  
SIRIO-2. A s i m i l a r  implementation is planned by the  Indian 
National ?Physical Laboratory; i n  t h i s  instance a 10 kHz chan- 
n e l  v i a  the INSAT s a t e l l i t e  w i l l  be used f o r  frequency and 
time dissemination. 
A geostationary o r b i t  i s  the optimum choice f o r  time dissemi- 
nat ion purposes, s ince  the coverage o f  a s i n g l e  geostationary 
s a t e l l i t e  i s  about one t h i r d  o f  the Earth surface.  For  a user 
loca ted  within this area ,  the s a t e l l i t e  i s  always v i s i b l e ;  
t h i s  way a serv ice  cont inui ty  i s  e a s i l y  implemented. 
However, s m a l l  v a r i a t i o n s  i n  the  pos i t i on  o f  the  s a t e l l i t e  
a f f e c t  s e r ious ly  the uncer ta in ty  of the time code dissemina- 
t i on ,  s ince  the propagation delays a re  not constant.  
Two o r b i t a l  elements a re  pr imari ly  responsible f o r  these 
va r i a t ions :  the  i n c l i n a t i o n  i o f  the o r b i t a l  plane, t h a t  
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causes a va r i a t ion  o f  + i i n  the s a t e l l i t e  dec l ina t ion  over 
one day, and the  orb i t -eccent r ic i ty  e, on  which the o r b i t a l  
ve loc i ty  depends; t h i s  causes a per iodic  (period = day) 
v a r i a t i o n  i n  the s a t e l l i t e  hour angle, 
I n  the  time code dissemination the  synchronous s a t e l l i t e  a c t s  
usual ly  as a repea ter  o f  the  time s i g n a l s  t ransmit ted by a 
ground s t a t i o n .  Then, an  onboard o s c i l l a t o r ,  a clock and 
r e l a t e d  cont ro l  equipment a re  not needed. Since a l m o s t  a l l  
the  equipment is  on ground, the r e l i a b i l i t y  o f  the serv ice  
i s  very high; moreover, the ground loca ted  equipment, can be 
e a s i l y  serviced o r  s u b s t i t u t e d  i n  case o f  f a i l u r e .  It is  
customary t o  r e f e r  t o  t h i s  mode o f  operation as a "one-way 
technique", s ince  the s ignal  t r a v e l s  from the  ground s t a t i o n  
t o  the s a t e l l i t e  and f r o m  the  s a t e l l i t e  t o  t he  use r s  ( f i g . 1 ) .  
Previous time code dissemination experiments o r  s e rv i ces  a r e  
summarized i n  t ab le  I ,  along with the  main spec i f i ca t ions  o f  
each one. 
THE VHF TRANSPONDER 
We were p a r t i c u l a r l y  i n t e r e s t e d  i n  using the  onboard VHF 
transponder because it  i s  seldom used during the  operat ional  
l i f e t i m e  of the  s a t e l l i t e ,  The SIRIO-1  VHF transponder w a s  
used i n  the ranging mode only during the launch and the first 
months o f  operat ion o f  t he  s a t e l l i t e  (August-December 1977) . 
Afterwards, i t  w a s  used only as a beacon f o r  propagation ex- 
periments, as a backup telemetry l i n k  ( t h e  main l i n k  uses  the 
SKF transponder) and as a commands rece iver .  
The r epea te r  i s  bas i ca l ly  a phase modulated (PM) transponder, 
I n  the  ranging mode, severa l  tones a re  t ransmit ted t o  the 
s a t e l l i t e  and f r o m  the s a t e l l i t e  back t o  Earth,  
By comparing the phase o f  the received tone w i t h  the t rans-  
mitted signal, we ge t  the  range between the s a t e l l i t e  and 
the  ranging s i t e .  The baseband (video) bandwidth o f  the t r a n s -  
ponder i n  the  ranging mode is  about 20 kHz, t h a t  is the f r e -  
quency of  the  highest  tone employed. 
The switching o f  the r epea te r  i n  the ranging mode (normally 
it a c t s  only as a telemetry t r ansmi t t e r  and commands r ece ive r )  
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is  obtained by a "preset"  command followed by the transmission 
of  a 20 kHz holding-tone. 
When the  s a t e l l i t e  rece ives  t h i s  tone the  onboard transponder 
is  switched t o  the ranging mode, so  t ha t  it a c t s  as a "trans- 
parent" r epea te r ,  The holding tone must be received continu- 
ously t o  hold the  transponder i n  the ranging mode, s o  tha t ,  
i n  our experiment, t h e  time code w a s  simply added t o  the  tone,  
Under these  conditions,  s ince  the time code and the h o l d i n g  
tone a r e  re t ransmi t ted  by the  s a t e l l i t e  on two equally spaced 
ranging subca r r i e r s  ( f ig ,  Z ) ,  the telemetry transmission w a s  
not  in te r rupted ,  but the telemetry c a r r i e r  power i s  reduced. 
So, i n  the ranging mode, i t  is  possible  t o  use the VHF t rans-  
ponder as an addi t iona l  communication channel, and t o  obtain 
the  time code dissemination without a f f ec t ing  the  VHF teleme- 
t r y  l i n k .  
THEl TIME S I G N A L  
I n  the  experiment we used the same IEN time code t h a t  i s  
broadcasted over I t a l y  by the National Broadcasting Company 
( r e f .  1 ) .  This  is  a narrow-band time code ( f ig ,  3 ) ,  repeated 
every minute, s t a r t i n g  a t  second 52. The duration o f  the code 
is  960 m s  and it  contains a, complete date  information, in- 
cluding hours, minutes, month, day o f  the month, day o f  the  
week and a f l a g  ind ica t ing  i f  the  hours a r e  r e fe r r ed  t o  a 
daylight saving t ime; moreover, standard items such as start, 
s top  and p a r i t y  checking b i t s  are  added t o  t h e  code. 
This d i g i t a l  BCD code is t ransmit ted by using an audio f r e -  
quency s h i f t  keying (AFSK) modulation, whose bandwidth i s  
compatible w i t h  the  AM broadcast requirements, f ea tu r ing  a 
very narrow bandwidth; the  two tones used a r e  a 2 kHz tone 
t o  ind ica te  a l o g i c a l  "0" and a 2.5 kHz tone t o  ind ica te  a 
l o g i c a l  "1 I' . 
After the code, a t r a i n  o f  s i x  bu r s t s  of  7 kHz tone is t r a n s -  
mit ted,  the  durat ion o f  each burst  being 100 m s ,  s t a r t i n g  a t  
seconds 54,55,56,57,58 and 00 of  the following minute, 
T h i s  provides an audio information e a s i l y  recoverable by 
users  tha t  have not access t o  the spec ia l  equipment f o r  de- 
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coding the  time code ( r e f .  2 ,3  and 4 ) .  
Because o f  t he  experimental nature  of the t e s t s  and s ince  
the  t ransmi t t ing  and rece iv ing  equipment was l o c a t e d  a t  t h e  
same s i t e  s o  that  t he  propagation delay w a s  d i r e c t l y  measur- 
able,  no information about the  s a t e l l i t e  pos i t i on  w a s  added 
t o  the time code, the p r inc ipa l  concern being the measure of 
the communication l i n k  c a p a b i l i t i e s  w i t h  such a narrow-band 
t i m e  code. 
Following t e s t s  performed in  o u r  l abo ra to r i e s  t o  define the 
c a p a b i l i t i e s  o f  the  code alone, it has been shown ( r e f .  5 )  
t ha t  a maximum prec is ion  between 1 and 10 ps is  possible  i n  
recovering the  time information, w i t h  .zi good signal-to-noise 
r a t i o  and by us ing  the commercially ava i l ab le  decoders. 
EXPERIMERTTAL SETUP AND RESULTS OF TKE MEASUREMENTS 
The t ransmi t t ing  and rece iv ing  equipment w a s  located at  the 
Fucino s t a t i o n ,  near Rome, which is  operated by the  Telespa- 
z io ,  the  company i n  charge of  space telecommunications i n  
I t a l y .  
The RF c a r r i e r s  are  depicted i n  f i g .  2 and i n  t a b l e  11. Only 
one o f  the  two ranging subca r r i e r s  w a s  decoded, and s ince  
the t ransmit ted power of the s ing le  subca r r i e r  w a s  very l o w ,  
we had a very p o o r  S/N. T h i s  could be improved by demodulating 
both subcar r ie rs ,  but t h i s  operation w a s  deferred t o  when the  
necessary equipment w i l l  become ava i lab le .  
The time s igna l  TS(FUC) t o  be t ransmit ted t o  the s a t e l l i t e  
( f i g .  4 )  i s  l o c a l l y  generated by the time code generator 
AR1340 (f ig .  5 ) .  
The time code TS(IEN), received v i a  a ground microwave l i n k  
f rom the  I E N  i n  Torino is  used only as a reference t o  syn- 
chronize the s t a t i o n  generator. The l o c a l  5 NIHz time base i s  
obtained by a Telespazio owned Rubidium clock. The reference 
1 Hz and 0.1 Hz signals a r e  obtained f rom t h i s  frequency by 
d i v i  s ion  . 
The 20 kHz holding-tone is  l o c a l l y  generated by synthes is  
from the  5 MHz standard frequency o r  f r o m  a separate  c r y s t a l  
o s c i l l a t o r  as a backup. When generated f rom the  Rubidium f r e -  
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quency, t h i s  holding tone can be used as a standard s i g n a l  
broadcasted along with the time code, a l l o w i n g  continuous 
phase o r  frequency comparisons and improving the  r e so lu t ion  
of  the synchronization. 
The code w a s  t ransmit ted once every t e n  seconds; the ga t ing  
l o c a l  time base of the r ece ive r  RFM/C ( f i g .  6 ) :  t h i s  receiver /  
decoder i s  a commercially ava i l ab le  un i t .  
The decoded output i s  a pulse every 10 seconds; such a pulse 
i s  generated when a time message i s  received and decoded. The 
decoded output pulses  a re  f e d  t o  the  start channel o f  the 
counter, while the s top  channel is connected t o  the  1 Hz l o c a l  
time base. 
Since the  code i s  t ransmit ted at 0 seconds i n  this l o c a l  r e f -  
erence, i t  lasts 960 m s  and the propagation delay is  around 
255-256 m s ,  then the start pulses a r e  generated at about 
215 m s  o f  the  minute following the transmission minute. 
The counter measurements E. a r e  then the complement t o  1 se- 
cond of the recept ion  timeiand t h e i r  value i s  about 785 m s  
on the average. 
Every measurement run consis ted o f  60 measurements e .  ; the 
data were then s tored  on magnetic tape f o r  subsequen4 process- 
ing. The average value of  each group of da t a  i s  then computed 
as the  a r i thmet ic  mean E ,  with an assoc ia ted  standard devia- 
t i o n e .  
The evaluat ion o f  E and d i s  ca r r i ed  out by applying a 3-sigma 
width f i l t e r ;  that is  any measured value f i i s  r e j e c t e d  i f  
the r e s i d u a l  [ E  
E and a r e  evaluated us ing  the remaining data .  This procedure 
i s  repeated u n t i l  no more data are r e j ec t ed .  
Assuming a normal d i s t r i b u t i o n  of  the data, the  one-sided 
estimated e r r o r  1c&1 
t he  99.5% confidence, as: 
. is  obtained f r o m  the 0.1 Hz s i g n a l  ( f ig .  4 )  generated by the 
- E \  > 3r ;  i f  any ~i has been r e j ec t ed ,  a new 
i n  the determination of  E i s  given, with 
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where n i s  the number o f  ava i l ab le  data and t is the Student 
d i s t r i b u t i o n ,  
Some r e s u l t s  a r e  summarized i n  t a b l e  I11 and i n  fig. 7;  the  
magnitude of & , with n z 6 0  data, ranges usua l ly  between 0.4 
and 0.6 m s .  
CONCLUSIONS 
After t he  eqe r imen t  and looking a t  the r e s u l t s ,  we can not 
only recognize t h e  d i f f i c u l t i e s  but also the p o s s i b i l i t y  of  
using the s a t e l l i t e  VHF transponder f o r  time code dissernina- 
t ion .  I n  s p i t e  o f  the  very d i f f i c u l t  condi t ions o f  the r a d i o  
l i nk ,  we were always able  t o  obtain the  desired accuracy 
( l e s s  than 1 m s ) .  
However, i n  order  t o  t e s t  the  code c a p a b i l i t i e s  by us ing  a 
b e t t e r  channel, we performed a s e r i e s  o f  measurements v i a  
the  s a t e l l i t e  SHF transponder; the  r e s u l t s  o f  these t e s t s  
are  summarized i n  appendix A, 
We would l i k e  t o  thank a l l  the personnel a t  the Telespazio 
ground s t a t i o n s  f o r  t h e i r  support and Messrs, E. Angelotti,  
F. Cordara ,  V. Narchisio and L. P i e t r e l l i  who a c t u a l l y  car- 
r i e d  out the  measurements a t  the s i t e s ,  
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APPENDIX .A - SHF TESTS 
The measurements were c a r r i e d  out i n  September 1980 a t  t h e  
Lario ground s t a t i o n  i n  North I t a l y ,  by us ing  the SHF trans- 
ponder onboard the  s a t e l l i t e ,  which provides a b e t t e r  comu- 
n i ca t ion  channel than the  VHF transponder. The upl ink frequen- 
modulation now w a s  FM and the  signal-to-noise r a t i o  w a s  l a rg-  
e r  than 30 dB. The measurements were ca r r i ed  out  with the 
same equipment used at Fucino and shown i n  f ig .  4. Typical 
r e s u l t s  are given i n  f ig .  8 and t a b l e  I V ,  showing the  improve- 
ment i n  & versus the VHF data:  now & w a s  down t o  10-20 ys. 
This has been proven t o  be the l i m i t  o f  t h e  present decoding 
equipment, s o  the SH?? channel appears t o  be r e a l l y  noisefree.  
I n  f ig .  8 is also e a s i l y  not iceable  the slow v a r i a t i o n  i n  the 
propagation delay due t o  the s a t e l l i t e  approaching the sta- 
t ion .  
cy w a s  17.10 GHz, t he  downlink frequency w a s  11.52 GHz. The 
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Table I1 - Main features of the RF link 
1 .  - RF characteristics 
* Uplink frequency: 148.260 MHz 
* Downlink frequency ( carrier) : 136.140 MHz 
* Ranging subcarriers frequency: - +775 kHe 
* Modulation: phase modulation (I%) 
(from the carrier) 
2 ,  - Equipment setup 
* Diversity polarization combiner reception 
* Diversity combiner: Electrac mod. 215C 
* Phase lock demodulators: Electrac mod, 215 
3. - Measurement conditions 
* Tracking bandwidth: 100 Hz 
* Demodulator output bandwidth: 1500 Hz 
* Modulation phase s'hift: 
holding-tone only 0.7 rad 
1.5 rad complete signal 
(holding-tone + time code) 
max 
Jt Signal-to-noise ratio: 2 < S/N< 5 dB 
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